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Description 

This invention relates to an adhesive resin composition. More specifically, it relates to an adhesive resin 
composition having excellent adhesion to a styrene-type resin layer and a layer of a saponified product of 

5 an olef in/vinyl acetate copolymer and excellent extrudability. 

Saponified products of olefin/vinyl acetate copolymers, to be sometimes abbreviated as EVOH 
hereinafter, typified by a saponification product of an ethylene/vinyl acetate copolymer have excellent gas- 
barrier property, oil resistance and mechanical strength, but high permeability to water. Hence, EVOH 
cannot be used alone for the packaging films or hollow containers for packing or holding foods containing 

10 water. To remedy this defect, it was proposed to laminate a styrene-type resin (to be sometimes 
abbreviated as PS) or polyolefin resin which has excellent water resistance onto EVOH. Since the styrene- 
type resin or polyolefin resin has no polar group, its direct lamination to EVOH gives a laminate which has a 
very low delamination strength and cannot withstand practical use. 

Various proposals have been made in order to remedy this defect. For example, Japanese Laid-Open 

is Patent Publication No. 129271/1978 proposed mixtures of resins having excellent adhesion to a saponified 
product of an ethylene/vinyl acetate copolymer, such as ethylene/vinyl acetate copolymer, ethylene/ethyl 
acrylate copolymer, ethylene/methacrylate copolymer ionomer and a polyolefin modified with an unsatu- 
rated carboxylic acid, with a tackifier such as rosin, ester gum, a cyclopentadiene resin, a terpene resin or a 
beta-pinene resin. This patent document discloses a multilayer film obtained by co-extruding such a mixed 

20 resin and a saponified ethylene/vinyl acetate copolymer having an ethylene content of 20 to 50 mole% and 
a degree of saponification of at least 90%. 

Japanese Laid-Open Patent Publication No. 147733/1978 proposes an adhesive resin composition 
composed of (A) an ethylene/vinyl acetate copolymer having a vinyl acetate content of 5 to 40% by weight 
and (B) a tackifier, the ratio of A:B being 50-99:50-1 . This patent document discloses rosin, modified rosin, 

25 rosin derivatives, polyterpene resins, terpene-modified aliphatic hydrocarbon resins, cyclopentadiene resins 
or aromatic petroleum resins. The document also states that the adhesive resin composition can be 
extrusion-coated on low-density polyethylene, high-density polyethylene, ethylene/vinyl acetate copolymer, 
polyvinyl chloride, polyvinylidene chloride, polycarbonate, polystyrene, ABS, glass, wood and cloth. 

Japanese Laid-Open Patent Publication No. 10384/1979 discloses a co-extruded laminate composed at 

30 least of a styrene-type resin layer and a layer of a resin composed mainly of an ethylene/vinyl acetate 
copolymer. The latter resin layer comprises 75 to 99% by weight of an ethylene/vinyl acetate copolymer 
containing 1 to 25% by weight of vinyl acetate and 25 to 1% by weight of a tackifier. The patent document 
likewise discloses rosin, ester gum, cyclopentadiene resin, terpene resins and beta-pinene resin as the 
tackifier. 

35 Japanese Laid-Open Patent Publication No. 127546/1978 discloses an adhesive polyolefin resin 
comprising (a) 100 parts by weight of a modified polyolefin having grafted thereto 0.01 to 0.5% by weight of 
an unsaturated carboxylic acid or its anhydride, (b) 50 to 200 parts by weight of an ethylene/vinyl acetate 
copolymer having a vinyl acetate content of 10 to 40% by weight, and (c) 5 to 50 parts by weight of an 
aliphatic petroleum resin. 

40 Japanese Laid-Open Patent Publication No. 18653/1978 discloses that a resin composition comprising 
100 parts by weight of a carboxylated ethylene/vinyl acetate copolymer and 3 to 100 parts by weight of a 
petroleum resin containing an alicyclic saturated hydrocarbon in the skeleton or a side chain has excellent 
adhesiveness and low temperature heat sealability. 

Japanese Laid-Open Patent Publication No. 8234/1982 discloses a heat-sealable resin composition 
45 having excellent peelability prepared by uniformly melt-mixing (A) 15 to 80% by weight of an 
ethylene/alpha.beta-unsaturated carboxylic acid copolymer or its metal neutralization product, (B) 10 to 80% 
by weight of a resin selected from the group consisting of polyethylene, ethylene/alpha-olefin copolymers, 
ethylene/vinyl ester copolymers and ethylene/alpha,beta-unsaturated carboxylic acid esters, (C) 3 to 30% 
by weight of a tackifying resin, and (D) 300 ppm to 10% by weight of an additive selected from fatty acid 
so amides, fatty acid bisamides, polyethylene glycol, hydrogenated castor oil, polyethylene wax and silica. The 
patent document describes aliphatic hydrocarbon resins, alicyclic hydrocarbon resins, aromatic hydrocarbon 
resins, rosins and styrene-type resins as the tackifying resin. 

These resin compositions, however, do not prove to be satisfactory in very respect, and for example 
have low levels of color and weatherability or an insufficient adhesion to PS and EVOH. It is desired 
55 therefore to improve such resin compositions further. 

According to this invention there is provided an adhesive resin composition comprising 
(A) 100 parts by weight of a polymer having a crystallinity, determined by X-ray diffractometry, of not 
more than 40% selected from ethylene/vinyl acetate copolymer having a vinyl acetate unit content of 5 
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to 40% by weight and a melt flow rate of 0-1 to 30 g/10 min and ethylene/alpha-olefin random 
copolymers having a melt flow rate of 0.1 to 50 g/10 min, 

(B) 1 to 50 parts by weight of modified polyethylene having a melt flow rate of 0.01 to 50 g/10 minutes 
and containing 0.01 to 1 0% by weight of an unsaturated carboxy lie acid or its derivative grafted thereto, 

5 and 

(C) 1 to 125 parts by weight of a hydrogenated aromatic petroleum resin in which at least 70% of the 
aromatic ring is hydrogenated and which has a bromine number of not more than 10; provided that the 
total amount of the modified polyethylene (B) and the hydrogenated aromatic petroleum resin (C) is not 
more than 150 parts by weight. 

10 The ethylene/vinyl acetate copolymer has a vinyl acetate unit content of 5 to 40% by weight, preferably 
10 to 35% by weight. If the vinyl acetate unit content is less than 5% by weight, the resulting adhesive resin 
composition tends to have insufficient adhesion to styrene-type resins. When it exceeds 40% by weight, the 
compatibility with the modified polyethylene (B) and the hydrogenated aromatic petroleum resin (C) tends to 
decrease, and the adhesion of the composition to a saponified product of an olefin/vinyl acetate copolymer 

75 tends to be insufficient. The ethylene/vinyl acetate copolymer has a melt flow rate (MFR 2 ), measured in 
accordance with ASTM D1238.E, of 0.1 to 30 g/10 min., preferably 0.5 to 10 g/10 min. If MFR 2 is less than 
0.1 g/10 min., the melt viscosity of the resulting adhesive resin composition is too high. If it exceeds 30 g/10 
min., the melt viscosity of the resulting adhesive resin composition is too low. In either case, the adhesive 
resin composition tends to have reduced extrudability. 

20 The ethylene/alpha-olefin random copolymers preferably have an ethylene unit content of 30 to 95 
mo!e%, especially 40 to 92 mole%. The ethylene/alpha-olefin random copolymers have a melt flow rate 
(MFR 2 ), measured in accordance with ASTM D 1238.L, of- 0:1 to 50 g/10 min., preferably 0.2 to 20 g/10 min. 
If MFR 2 is less than 0.1 g/10 min., the melt viscosity of the resulting adhesive resin composition is too high. 
If it exceeds 50 g/10 min., the melt viscosity of the adhesive resin composition is too low. In either case, the 

25 adhesive resin composition does not have sufficient extrudability. and tends to show reduced adhesion to 
styrene-type resins and a saponified product of an oiefin/vinyl acetate copolymer. 

Preferably, the ethylene/alpha-olefin random copolymer has a density of 0.850 to 0.900 g/cm 3 , 
especially 0.855 to 0.895 g/cm 3 . If its density exceeds 0.900 g/cm 3 , it tends to have a decreased strength of 
adhesion to styrene-type resins. The alpha-olefin constituting the ethylene/alpha-olefin random copolymer is 

30 preferably an alpha-olefin having 3 to 20 carbon atoms such as propylene, 1-butene, 1-hexene, 4-methyl-1- 
pentene, 1-octene, 1-decene, 1 -tetradecene and 1-octadecene. These alpha-olefins may be used singly or 
in combination. 

The ethylene/vinyl acetate copolymer and the ethylene/alpha-olefin random copolymers used in this 
invention have a crystallinity, determined by X-ray diffractometry, of not more than 40%, preferably not 

35 more than 30%, and are lowly crystalline, or amorphous (0%). If their crystallinity exceeds 40%, they have 
an insuficient strength of adhesion to styrene-type resins. In addition, the above copolymers (A) usually 
have a melting point, measured in accordance with ASTM D 3418, of not more than 100* C. 

The modified polyethylene as component (B) of the adhesive resin composition of this invention has a 
melt flow rate, measured in accordance with ASTM D 1238.E, of 0.01 to 50 g/10 min. The amount of the 

40 unsaturated carboxylic acid or its derivative grafted to it is 0.01 to 10% by weight. Preferably, the modified 
polyethylene has a melt flow rate of 0.5 to 10 g/10 min. and contains 0.1 to 5% by weight of the 
unsaturated carboxylic acid or its derivative grafted thereto. If the amount of the grafted monomer is less 
than 0.01 % by weight, the resulting adhesive resin composition has poor adhesion strength to a saponified 
product of an olefin/vinyl acetate copolymer. On the other hand, if it is more than 10% by weight, the 

45 modified polyethylene itself has a high crosslinking density and a large degree of molecular deterioration, 
and therefore, the resulting adhesive resin composition has poor adhesion strength to saponified products of 
ethylene/vinyl acetate copolymers and to styrene-type resins. 

The modified polyethylene (B) can be produced by grafting the unsaturated carboxylic acid or its 
derivative to polyethylene as a base. 

so The base polyethylene may be a homopolymer of ethylene, and a copolymer of ethylene with a minor 
proportion of an alpha-olefin such as propylene, 1-butene, 4-methyM-pentene, 1-hexene, 1-octene, and 1- 
decene. The proportion of the other alpha-olefin to be copolymerized is usually not more than about 10 
mole%. 

Preferably, the base polyethylene has a melt flow rate, measured in accordance with ASTM D 1238.E, 
55 of 0.01 to 100 g/10 min., a density of 0.905 to 0.980 g/cm 3 , and a crystallinity, determined by X-ray 
diffractometry, of not more than about 45%. 

Examples of the unsaturated carboxylic acids to be grafted include acrylic acid, maleic acid, fumaric 
acid, tetrahydrophthalic acid, itaconic acid, citraconic acid, crotonic acid, isocrotonic acid, and Nadic acid® - 
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(i.e., endocis-bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylic acid). Examples of their derivatives include acid 
halides, amides, imides. anhydrides and esters of these unsaturated carboxyiic acids, such as maieyl 
chloride, maleimide, maleic anhydride, citraconic anhydride, monomethyl maleate, dimethyl maleate and 
glycidyl maleate. 

5 Of these, the unsaturated dicarboxylic acids and their acid anhydrides are preferred. Maleic acid and 
Nadic acid®, and their anhydrides are especially preferred. 

The modified polyethylene can be produced by grafting the monomer selected from the above- 
exemplified unsaturated carboxyiic acids and their derivatives to base polyethylene by various known 
methods. For example, the graft copolymerization is carried out by adding the grafting monomer to molten 

io polyethylene or dissolved polyethylene in a solvent. In either case, the reaction Is preferably carried out in 
the presence of a radical initiator in order to graft the grafting monomer efficiently to the base polyethylene. 
The graft reaction is carried out usually at a temperature of 60 to 350° C. The amount of the radical initiator 
is usually 0.001 to 1 part by weight per 100 parts by weight of the base polyethylene. Suitable radical 
initiators include organic peroxides and organic peresters such as benzoyl peroxide, dichlorobenzoyl 

75 peroxide, dicumyl peroxide, di-tert-butyl peroxide, 2,5-dimethyl-2,5-di(peroxide benzoate)hexyne-3, 1,4-bis- 
(tert-butyl peroxyisopropyl)benzene, lauroyl peroxide, tert-butyl peracetate, 2,5-dimethyl-2,5-di(butylperoxy)- 
hexyne-3, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, tert-butyl perbenzoate, tert-butyl perphenylacetate, 
tert-butyl perisobutyrate, tert-butyl per-sec-octoate, tert-butyl perpivaiate, cumyl perpivalate and tert-butyl 
perdiethylacetate; and azo compounds such as azobisisobutyronitrile, and dimethyl azoisobutyrate. Of 

20 these, dicumyl peroxide, dialkyl peroxides such as di-tert-butyl peroxide, 2,5-dimethyl-2,5-di(tert-butyl- 
peroxy)hexyne-3, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexane, 1 ,4-bis(tert-butylperoxyisopropyl)benzene are 
preferred. 

The modified polyethylene (B) may be partly diluted with the base polyethylene, in which case the 
amount of the grafting monomer should be within the above range based on the total weight of these 
25 polyethylenes. 

Component (C) of the resin composition of this invention is a hydrogenated aromatic petroleum resin in 
which at least 70% of the aromatic ring is hydrogenated. 

The hydrogenated aromatic petroleum resin can be produced by various methods. For example, it is 
produced by polymerizing at least one polymerizable aromatic hydrocarbon selected, for example, from 

30 styrene, alpha-methylstyrene, vinyltoluene, vinylxylene, propenylbenzene, indene, methylindene and ethylin- 
dene. and hydrogenating the resulting aromatic petroleum resin; or by polymerizing a fraction having a 
boiling point of 150 to 300° C obtained as a by-product in the cracking or reforming of petroleum, and 
hydrogenating the resulting aromatic petroleum resin. 

The above hydrogenated product may also be one derived from an aromatic petroleum resin having a 

35 small amount of an aliphatic hydrocarbon copolymerized therewith. Examples of the aliphatic hydrocarbon 
monomer to be copolymerized in this case include butene, pentene, hexene, heptene, octene, butadiene, 
pentadiene, cyclopentadiene and dicyclopentadiene. A petroleum fraction having a boiling point of 20 to 
300° C can also be advantageously used as a raw material for the production of the aromatic petroleum 
resin since it is a mixture of a major proportion of aromatic hydrocarbons and a minor proportion of aliphatic 

40 hydrocarbons. The polymerization is carried out by well known methods, usually by cationic polymerization 
in the presence of a Friedel-Crafts catalyst. The hydrogenation of the resulting aromatic petroleum resin 
may be carried out by heating the resin in the presence of a metal catalyst such as nickel, palladium, 
cobalt, platinum, ruthenium or rhodium or a catalyst comprising an oxide of such a metal under a hydrogen 
pressure of 50 to 500 kg/cm 2 . 

45 The resulting hydrogenated aromatic petroleum resin has a high degree of hydrogenation of the 
aromatic ring, and particularly is a highly hydrogenated product in which the ratio of the aromatic rings of 
the aromatic petroleum resin converted to cyclohexyl groups is at least 70%. If the degree of hydrogenation 
is less than 70%, the hydrogenated aromatic petroleum resin (C) has poor compatibility with the 
ethylene/vinyl acetate copolymer, the ethylene/alpha-olefin random copolymer or the modified polyethylene, 

so and the resulting adhesive resin composition has poor adhesion to polystyrene-type resins. Moreover, the 
adhesive resin composition has low weatherability and may fade. 

The hydrogenated aromatic petroleum resin (C) used in this invention preferably has a degree of 
hydrogenation of at least 80%, especially at least 85%. Preferably, the hydrogenated aromatic petroleum 
resin (C) has a softening point, determined by the ring and ball method, of 80 to 150* C, especially 110 to 

55 140* C. It is further preferred that the hydrogenated aromatic petroleum resin (C) have a bromine number of 
not more than 9. 

The adhesive resin composition of this invention comprises 1 00 parts by weight of the polymer (A), 1 to 
50 parts by weight of the modified polyethylene (B) and 1 to 125 parts by weight of the hydrogenated 
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aromatic petroleum resin (C), provided that the total amount of the modified polyethylene (B) and the 
hydrogenated aromatic petroleum resin (C) is not more than 150 parts by weight. 

If the amount of the modified polyethylene is less than 1 part by weight, the adhesion of the adhesive 
resin composition to a saponified product of an olefin/ vinyl acetate copolymer is reduced. If it exceeds 50% 

5 by weight, the resulting adhesive resin composition has reduced adhesion to styrene-type resins, rf the 
amount of the hydrogenated aromatic petroleum resin (C) is less than 1 part by weight, the resulting 
adhesive resin composition has reduced adhesion not only to saponified olefin-vinyl acetate copolymer but 
also to styrene-type resins. On the other hand, when it exceeds 125 parts by weight, the moldability of the 
adhesive resin composition is reduced. If the amounts of the modified polyethylene (B) and the hydroge- 

io nated aromatic petroleum resin (C) are within the above-specified range but the total amount of these 
exceeds 150 parts by weight, the objects of this invention cannot be achieved. 

Preferably, the adhesive resin composition of this invention comprises 100 parts by weight of the 
polymer (A), 2 to 23 parts by weight of the modified polyethylene (B) and 3 to 46 parts by weight of the 
hydrogenated aromatic petroleum resin (C). 

75 The adhesive resin composition of this invention may be produced by mixing predetermined amounts of 
the polymer (A), the modified polyethylene (B) and the hydrogenated aromatic petroleum resin (C) by a 
mixer such as a Henschel mixer, a V blender, a ribbon blender or a tumbler blender; or after mixing, melt- 
kneading the mixture by a single screw extruder, a twin screw extruder, a kneader, a Banbury mixer, etc. 
and then granulating or pulverizing the mixture. 

20 The adhesive resin composition of this invention may further include heat stabilizers, weatherability 
stabilizers, antistatic agents, pigments, dyes, rustproofing agents, etc. in amounts which do not impair the 
objects of this invention. 

The adhesive resin composition of this invention can be used to bond various polymers to each other, 
and advantageously to bond a styrene-type resin (PS) to a saponified olefin/vinyl acetate copolymer 
25 (EVOH). 

The adhesive resin composition of this invention may be used to produce a laminated structure of PS 
and EVOH. This laminated structure may be produced, for example, by melting the adhesive resin 
composition of this invention, PS and EVOH in separate extruders, feeding the melts to a die of a three 
layer structure, and co-extruding them with the adhesive resin composition of this invention as an interlayer; 

30 or by first forming a layer of PS and a layer of EVOH, and melt-extruding the adhesive resin composition of 
this invention between the two layers (the sandwich laminating method). The co-extruding method is 
preferred because it can achieve a good de lamination strength. The co-extruding method may be divided 
into a T-die method using a flat die and an inflation method using a circular die. The flat die may be a 
single manifold die using a black-box or a multimanifold die. The inflation method may be carried out by 

35 using any known dies. 

Examples of the styrene-type resin used for producing such a laminated structure using the adhesive 
resin composition of this invention are polystyrene, high-impact polystyrene (rubber-blended polystyrene), 
AS resin (SAN) and ABS resin. 

The saponified olefin/vinyl acetate copolymer used in the above laminated structure may be one 

40 obtained, for example, by saponifying an olefin/vinyl acetate copolymer having an olefin content of 15 to 60 
mole%, preferably 25 to 50 mole% to a degree of saponification of at least 50%, preferably at least 90%. If 
the olefin content is less than 15 mole%, the resulting saponified copolymer is susceptible to thermal 
decomposition and difficult to melt-mold and also has poor stretchability. It also tends to swell upon water 
absorption and has poor water resistance. If the olefin content exceeds 60 mole%, the saponified copolymer 

46 has poor resistance to gas permeation. If the degree of saponification is less than 50%, the resulting 
saponified copolymer also has poor resistance to gas permeation. Examples of the olefin to be copolymeriz- 
ed are ethylene, propylene, 1-butene, 1-hexene, 4-methyl-1 -pentene, 1-octene, 1-decene, 1 -tetradecene and 
1 -octadecene. A saponified ethylene/vinyl acetate copolymer is especially preferred from the standpoint of 
mechanical strength and moldability. 

so Desirably, in the above laminated structure, the PS layer has a thickness of 0.02 to 5 mm, the EVOH 
layer has a thickness of 0.01 to 1 mm, and the adhesive layer has a thickness of 0.01 to 1 mm. 

Since the adhesive resin composition of this invention has excellent adhesion to PS and EVOH, color, 
weatherability, extrudability and film uniformity than the conventional compositions of ethylene/vinyl acetate 
copolymer and petroleum resins, it can be conveniently used to laminate PS and EVOH to provide 

55 packaging films, pressure-formed cups and hollow bottles which have excellent gas barrier property, 
moisture proofness and transparency and are useful for packaging or holding foods and medicines. 

The following examples illustrate the present invention more specifically. It should be understood that 
the invention is in no way limited by these examples unless it departs from its scope described and claimed 
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herein. 

EXAMPLES 1-4 AND COMPARATIVE EXAMPLES 1-2 

s (1) In each run, an ethylene/vinyl acetate copolymer (to be referred to as EVA-I hereinafter; vinyl acetate 
(VA) content 19% by weight, MFR 2 2.5 g/10 min., density 0.94 g/cm 3 ), maleic anhydride-grafted high 
density polyethylene (to be referred to as HDPE; amount of maleic anhydride grafted 2.1 g/100 g of 
polymer, MFR2 1.43 g/10 min., density 0.96 g/cm 3 ), and a hydrogenated aromatic petroleum resin 
(tradename Alcon P125, softening point 125* C, bromine number 2; a product of Arakawa Chemical Co., 

to Ltd.) were mixed in the proportions shown in Table 1 by a Henschel mixer. The mixture was kneaded 
and granulated in a single-screw extruder (with a dulmage screw having a diameter of 40 mm) kept at 
200* C to give an adhesive resin composition. 

(2) A three-layer water-cooled inflation film was produced under the following conditions by using high- 
impact polystyrene (Toporex HI830-05, a tradename for a product of Mitsui Toatsu Chemicals, Inc.), an 
75 saponified ethylene/vinyl acetate copolymer (MFR 2 1.3 g/10 min., density 1.19 g/cm 3 . ethylene content 
32 mole%; tradename Kuraray Eval EP-F, a product of Kuraray Inc.) and the adhesive resin composition 
prepared in section (1). 

Layer construction of the film 
20 PS (outsideyadhesiveTesin composition (intermediate)/saponified ethylene/vinyl acetate copolymer (inside)- 
= 100/20/20 (microns in thickness) 

Extruders 

40 mm 4> extruder, 21 0 * C (for the outside layer) 
25 40 mm <f> extruder, 210* C (for the intermediate layer) 
40 mm extruder, 210* C (for the inside layer) 

Molding speed 
15 m/miru 

30 

The adhesion strength between the PS layer and the adhesive resin composition layer of the resulting 
three-layer film (F PS , g/15 mm width), and the adhesion strength between the saponified ethylene/vinyl 
acetate copolymer layer and the adhesive resin composition (Fevoh. g/15 mm width) were measured by a 
180* peel test at a peeling speed of 300 mm/min. The results are shown in Table 1. 

35 

EXAMPLE 5 

Example 3 was repeated except that EVA- 1 1 having a VA content of 25% by weight, an MFR2 of 2.0 
g/10 min. and a density of 0.95 g/cm 3 was used instead of EVA-I, and the proportions of the three 
40 components of the resin composition were changed as shown in Table 1 . The results are shown in Table 1 . 

EXAMPLE 6 

Example 5 was repeated except that a hydrogenated aromatic petroleum resin (tradename Alcon P135, 
45 softening point 135* C, bromine number 2; a product of Arakawa Chemical Co., Ltd.) was used instead of 
Alcon P125. The results are shown in Table 1. 

EXAMPLE 7 

so Example 5 was repeated except that a hydrogenated aromatic petroleum resin (tradename Alcon P90. 
softening point 90* C. bromine number 2; a product of Arakawa Chemical Co., Ltd.) was used instead of 
Alcon P125. The results are shown in Table 1. 

EXAMPLE 8 

55 

Example 3 was repeated except that a maleic anhydride-grafted ethylene/1 -butene copolymer (1-butene 
content 3.2 mole%, maleic anhydride grafted 2.2 g/100 g of polymer, MFR2 1.0 g/10 min.) was used instead 
of the maleic anhydride grafted-HDPE. The results are shown in Table 1. 
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COMPARATIVE EXAMPLE 3 

Example 2 was repeated except that maleic anhydride-grafted HDPE (maleic anhydride grafted 0.3 
g/100 g, MFR 2 4.1 g/10 min., density 0.96 g/cm 3 ) and Alcon P125 were used in the proportions shown in 
5 Table 1 . The results are shown in Table 1 . 

COMPARATIVE EXAMPLE 4 

Example 5 was repeated except that an aliphatic hydrocarbon resin (softening point 100* C, bromine 
io number 40, number average molecular weight 1200) was used instead of Alcon P125. The results are 
shown in Table 1 . 

COMPARATIVE EXAMPLE 5 

75 Example 5 was repeated except that an aliphatic hydrogenated hydrocarbon resin (softening point 
100*C, bromine number 5, average molecular weight 1300) was used instead of Alcon P125. The results 
are shown in Table 1 . 
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55 EXAMPLES 9-13 AND COMPARATIVE EXAMPLES 6-7 



(1) In each run, an ethylene/propylene random copolymer (to be referred to as EPR-I; ethylene content 
80 mole%, MFR 2 1.2 g/10 mln., density 0.88 g/cm 3 , crystallinity 6%), maleic anhydride-grafted high 
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density polyethylene (to be referred to as MAH-HDPE; amount of maleic anhydride grafted 2.1 g/100 g 
of polymer, MFR 3 2.4 g/10 min., density 0.960 g/cm 3 , crystallinity 76%), and a hydrogenated aromatic 
petroleum resin (tradename Alcon P125, softening point 125*C, bromine number 2; a product of 
Arakawa ChemicaJ Co., Ltd.) were mixed in the proportions shown in Table 2 by a tumbler mixer. The 
5 mixture was kneaded and granulated in a single-screw extruder (with a du Image screw having a diameter 
of 40 mm) kept at 200* C to give an adhesive resin composition. 

(2) A three-layer water-cooled inflation film was produced under the following conditions by using high- 
impact polystyrene (Toporex H1 830-05, a tradename for a product of Mitsui Toatsu Chemicals, Inc.), an 
saponified ethylene/vinyl acetate copolymer (MFR 2 1.3 g/10 min., density 1.19 g/cm 3 , ethylene content 
w 32 mole%; tradename Kuraray Eval EP-F, a product of Kuraray Inc.) and the adhesive resin composition 
prepared in section (1 ). 

Layer construction of the film 

PS (outside)/adhesive "resin composition (intermediate)/saponified ethylene/vinyl acetate copolymer (inside)- 
75 = 100/20/20 (microns in thickness) 

Extruders 

40 mm <t> extruder, 210* C (for the outside layer) 
40 mm 4* extruder, 210* C (for the intermediate layer) 
20 40 mm <t> extruder, 210* C (for the inside layer) 

Molding speed 
15 m/minT 

25 The adhesion strength between the PS layer and the adhesive resin composition layer of the resulting 
three-layer film (Fps, g/15 mm width), and the adhesion strength between the saponified ethylene/vinyl 
acetate copolymer layer and the adhesive resin composition (Fevoh, g/15 mm width) were measured by a 
180* peel test at a peeling speed of 300 mm/min. The results are shown in Table 2. 

30 EXAMPLE 14 

Example 13 was repeated except that ethylene/1 -butene random copolymer (EBR-I; ethylene content 90 
mole%, MFR2 7,.0 g/10 min., density 0.887 g/cm 3 , crystallinity 15%) was used instead of EPR-I. The 
results are shown in Table 2. 

35 

EXAMPLE 15 

Example 12 was repeated except that a hydrogenated aromatic petroleum resin (tradename Alcon 
P135, softening point 135* C, bromine number 2; a product of Arakawa Chemical Co., Ltd) was used instead 
40 of Alcon P125. The results are shown in Table 2. 

EXAMPLE 16 

Example 12 was repeated except that a hydrogenated aromatic petroleum resin (tradename Alcon P90, 
45 softening point 90* C, bromine number 2; a product of Arakawa Chemical Co., Ltd) was used instead of 
Alcon P125. The results are shown in Table 2. 

EXAMPLE 17 

so Example 12 was repeated except that maleic anhydride-grafted ethylene/1 -butene copolymer (1 -butene 
content 3.2 mole%. density 0.930 g/cm 3 , crystallinity 55%) was used instead of MAH-HDPE. The results are 
shown in Table 2. 

COMPARATIVE EXAMPLE 8 

55 

Example 10 was repeated except that maleic anhydride-grafted HDPE (maleic anhydride grafted 0.3 
g/100 g of polymer, MFR 2 4.1 g/10 min., density 0,96 g/cm 3 . crystallinity 76%) and Alcon P125 were used 
in the proportions indicated in Table 2. The results are shown in Table 2. 
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COMPARATIVE EXAMPLE 9 

Example 10 was repeated except that ethylene/vinyl acetate copolymer (EVA; MFR2 2.5 g/10 min., vinyl 
acetate content 19% by weight) and Alcon P125 were used in the proportions indicated in Table 2. The 
5 results are shown in Table 2. 
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Claims 

1. An adhesive resin composition comprising 

(A) 100 parts by weight of a polymer having a crystal linity. determined by X-ray diffractometry, of 
5 not more than 40% selected from ethylene/vinyl acetate copolymer having a vinyl acetate unit 

content of 5 to 40% by weight and a melt flow rate of 0.1 to 30 g/10 min and ethylene/alpha-olefin 
random copolymers having a melt flow rate of 0.1 to 50 g/10 min, 

(B) 1 to 50 parts by weight of modified polyethylene having a melt flow rate of 0.01 to 50 g/10 
minutes and containing 0.01 to 10% by weight of an unsaturated carboxylic acid or its derivative 

70 grafted thereto, and 

(C) 1 to 125 parts by weight of a hydrogenated aromatic petroleum resin in which at least 70% of 
the aromatic ring is hydrogenated and which has a bromine number of not more than 10; provided 
that the total amount of the modified polyethylene (B) and the hydrogenated aromatic petroleum 
resin (C) is not more than 150 parts by weight. 

is 

2. A composition according to claim 1 wherein the ethylene/alpha-olefin random copolymer (A) has an 
ethylene unit content of 30 to 95 mole%. 

3. A composition according to claim 1 or 2 wherein alpha-olefin random copolymer (A) is a random 
20 copolymer of ethylene with an alpha-olefin having 3 to 20 carbon atoms. 

4. A composition according to any one of the preceding claims wherein the polymer (A) has a crystal linity, 
determined by X-ray diffractometry, of not more than 30%. 

25 5. A composition according to any one of the preceding claims wherien the modified polyethylene (B) has 
a melt flow rate of 0.5 to 10 g/10 min. 

6. A composition according to any one of the preceding claims wherein the modified polyethylene (B) 
contains 0.1 to 5% by weight of the unsaturated carboxylic acid or its derivative grafted thereto. 

30 

7. A composition according to any one of the preceding claims wherein at least 80% of the aromatic 
group of the aromatic petroleum resin (C) is hydrogenated. 

8. A composition according to any one of the preceding claims wherein the hydrogenated aromatic 
35 petroleum resin (C) has a softening point of 80 to 150° C. 

9. A composition according to any one of the preceding claims comprising 100 parts by weight of the 
polymer (A), 2 to 23 parts by weight of the modified polyethylene (B) and 3 to 46 parts by weight of the 
hydrogenated aromatic petroleum resin (C). 

40 

10. Use of the composition as claimed in any one of the preceding claims in bonding a layer of a styrene- 
type resin to a layer of a saponified product of an ethylene/vinyl acetate copolymer. 

Revendications 

45 

1. Composition de resine adhesive comprenant : 

(A) 100 parties en poids d'un polymere ayant une cristallinite\ d^terminee par diffractometrie des 
rayons X, non supeVieure a 40%, choisi parmi les copoly meres £thylene/ac£tate de vinyle ayant une 
teneur en motifs acetate de vinyle de 5 a 40% en poids et un indice de fluidite a I'etat fondu de 0,1 

so a 30 g/10 min, et les copolymeres statistiques ethylene/alpha-olefine ayant un indice de fluidite" a 

I'etat fondu de 0,1 a 50 g/10 min, 

(B) 1 a 50 parties en poids d'un polyethylene modifie ayant un indice de fluidite a I'etat fondu de 
0,01 a 50 g/10 min et contenant 0,01 a 10% en poids d'un acide carboxylique insature ou un derive 
d'un tel acide, greffe sur le polyethylene, et 

55 (C) 1 a 125 parties en poids d'une resine de pe*trole aromatique hydrogenee, dans laquelle au moins 

70% des cycles aromatiques sont hydrogens et qui possede un indice de brome non sup£rieur a 
10, 

e*tant entendu que la quantite totale du polyethylene modifie (B) et de la resine de pStrole 
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aromatique hydrogenee (C) n'est.pas superieure a 150 parties en poids. 

2. Composition selon la revendication 1 , dans laquelle ie copolymere statistique ethylene/alpha-oiefine (A) 
a une teneur en motifs ethylene de 30 a 95% en moles. 

5 

3. Composition selon la revendication 1 ou 2, dans laquelle le copolymere statistique ethylene/alpha- 
olefine (A) est un copolymere statistique de ['ethylene avec une alpha-oiefine ayant de 3 a 20 atomes 
de carbone. 

10 4. Composition selon Tune quelconque des revendications precedentes. dans laquelle le polymere (A) a 
une cristallinite\ determin^e par diffractometrie des rayons X, non superieure a 30% 

5. Composition selon Tune quelconque des revendications precedentes. dans laquelle le polyethylene 
modifie (B) a un indice de fluidite a I'etat fondu de 0,5 a 10 g/10 min. 

TS 

6. Composition selon Tune quelconque des revendications precedentes. dans laquelle le polyethylene 
modifie (B) contient 0,1 a 5 % en poids de Pacide carboxylique insature ou d'un derive de celui-ci, 
greffe sur le polyethylene. 

20 7. Composition selon Tune quelconque des revendications precedentes, dans laquelle au moins 80% des 
groupes aromatiques de (a resine de petrole aromatique (C) sont hydrogenes. 

8. Composition selon Tune quelconque des revendications precedentes, dans laquelle la resine de petrole 
aromatique hydrogenee (C) a un point de ramollissement de 80 a 150° C. 

25 

9. Composition selon Tune quelconque des revendications precedentes, comprenant 100 parties en poids 
du polymere (A), 2 a 23 parties en poids du polyethylene modifie (B) et 3 a 46 parties en poids de la 
resine de petrole aromatique hydrogenee (C). 

30 10. Utilisation de la composition telle que revendiquee dans Tune quelconque des revendications prece- 
dentes pour la liaison d'une couche d'une resine du type styrene a une couche constituee d'un produit 
de saponification d'un copolymere ethylene/acetate de vinyle. 

AnsprUche 

35 

1. Klebemittel-Harzmasse, umfassend 

(A) 100 Gew.-Teile. eines Polymers mit einer Kristallinitat, bestimmt durch Rontgenbeugung, von 
nicht mehr als 40%, ausgewahlt aus Ethylen/Vinylacetat-Copoiymeren mit einem Gehalt an 
Vinylacetat-Einheiten von 5 bis 40 Gew.-% und einer Flie/tfahigkeit von 0,1 bis 30 g/10 min und 

40 statistischen Ethylen/ a-Olefin-Copolymeren mit einer Flieflfahigkeit von 0,1 bis 50 g/10 min, 

(B) 1 bis 50 Gew.-Teile modifiziertes Polyethylen mit einer Flieflfahigkeit von 0,01 bis 50 g/10 min 
und enthaftend 0,01 bis 10 Gew.-% einer ungesattigten Carbonsaure oder eines Derivats davon 
darauf aufgepfropft und 

(C) 1 bis 125 Gew.-Teile eines hydrierten aromatischen Erddlharzes, bei dem zumindest 70% der 
45 aromatischen Ringe hydriert sind, und das eine Bromzahl von nicht mehr als 10 besitzt mit der 

MaJ3gabe, dafl die Gesamtmenge an modifiziertem Polyethylen 

(B) und hydriertem aromatischen Erdolharz (C) nicht mehr als 150 Gew.-Teile betragt 

2. Mittel nach Anspruch 1, wobei das statistische Ethylen/ a-Olefin-Copolymer (A) einen Gehalt an 
so Ethyleneinheiten von 30 bis 95 mol% aufweist. 

3. Mittel nach Anspruch 1 oder 2, wobei das statistische a-Olefin-Copolymer (A) ein statistisches 
Copolymer aus Ethylen mit einem a-Olefin mit 3 bis 20 Kohlenstoffatomen ist. 

55 4. Mittel nach einem der vorangehenden AnsprOche, wobei das Polymer (A) eine Kristallinitat, bestimmt 
durch Rontgenbeugung, von nicht mehr als 30% besitzt. 

5. Mittel nach einem der vorangehenden AnsprOche, wobei das modifizierte Polyethylen (B) eine Flieflfa- 
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higkeit von 0,5 bis 10 g/10 min aufweist 

6. Mittel nach einem der vorangehenden AnsprUche, wobei das modifizierte Polyethylen (B) 0,1 bis 5 
Gew.-% der ungesattigten Carbonsaure Oder eines Derivates davon aufgepfropft enthalt. 

7. Mittel nach einem der vorangehenden AnsprUche. wobei mindestens 80% der aromatischen Gruppe 
des aromatischen Erdolharzes (C) hydriert sind. 

8. Mittel nach einem der vorangehenden AnsprUche, wobei das hydrierte aromatische Erdolharz (C) einen 
Erweichungspunkt von 80 bis 150* C besitzt. 

9. Mittel nach einem der vorangehenden AnsprOche, umfassend 100 Gew.-Teile des Polymers (A), 2 bis 
23 Gew.-Teile des modifizierten Polyethylens (B) und 3 bis 46 Gew.-Teile des hydrierten aromatischen 
Erdolharzes (C). 

10. Verwendung des Mittels nach einem der vorangehenden Ansprilche zur Verbindung (Verklebung) einer 
Schicht aus einem styrolartigen Harz mit einer Schicht aus einem verseiften Produkt eines 
Ethylen/Vinylacetat-Copolymers. 
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